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The theoretical framework of star formation still underestimates the observed astro-
nomical rates. New stars form within giant molecular clouds (GMCs), which fragment
into dense clumps under the combined influence of gravity, magnetic fields, radiation, and
turbulence (C. F. McKee & E. C. Ostriker, 2007). When these clumps are stable, their
collapse can be externally triggered by nearby astrophysical events, such as protostellar
jets or supernova explosions. In the case of the Elephant Trunk Nebula, such external
triggering has been estimated to contribute 14–25% of the total star formation rate (K. V.
Getman et al., 2012). The development of advanced experimental techniques has made
it possible to replicate astrophysical processes in laboratory settings using pulsed power
systems, such as high-energy laser facilities (B. A. Remington et al., 2006). This approach
is supported by scaling laws, which demonstrate the similarity between astrophysical and
laboratory phenomena (É. Falize et al., 2011). Laboratory experiments have been used
to investigate external triggering in various astrophysical contexts, including protostellar
jets (M. Fontaine et al., 2025) and supernova remnants (SNRs). Recent laser experiments
successfully reproduced two key configurations: the interaction region formed by the colli-
sion of two SNRs (B. Albertazzi et al., 2020) and the impact of an SNR on a dense clump
(B. Albertazzi et al., 2022).

In this study, these configurations were further investigated through numerical sim-
ulations using the 3D radiation hydrodynamics code TROLL (E. Lefebvre et al., 2018),
providing deeper insights into the underlying physical processes. The interaction region
of two colliding SNRs exhibits a 20% increase in temperature, a doubling of density, and
the development of vorticity—all of which were accurately reproduced in the simulations.
In a dense environment, these properties enhance fragmentation. Furthermore, when an
SNR interacts with a dense clump, its morphology is altered while simultaneously com-
pressing the clump and increasing its density. We demonstrate that this process reduces
the clump’s gravitational stability threshold, potentially leading to its collapse.

References

Albertazzi, B., et al. 2020 PhPl, 27, doi: 10.1063/1.5137795
Albertazzi, B., et al. 2022 MRE, 7, 036902, doi: 10.1063/5.0068689
Falize, É., Michaut, C., & Bouquet, S. 2011 ApJ, 730, 96, doi: 10.1088/0004-637X/730/2/96
Fontaine, M., et al. 2025 ApJ, 981, 172, doi: 10.3847/1538-4357/adb715
Getman, K. V., et al. 2012 MNRAS, 426, 2917, doi: 10.1111/j.1365-2966.2012.21879.x
Lefebvre, E., et al. 2018 NucFu, 59, 032010, doi: 10.1088/1741-4326/aacc9c
McKee, C. F., & Ostriker, E. C. 2007 ARAA, 45, 565, doi: 10.1146/annurev.astro.45.
051806.110602
Remington, B. A., Drake, R. P., & Ryutov, D. D. 2006 RvMP, 78, 755, doi: 10.1103/
RevModPhys.78.755

mailto:marin.fontaine@cea.fr
http://doi.org/10.1063/1.5137795
http://doi.org/10.1063/5.0068689
http://doi.org/10.1088/0004-637X/730/2/96
http://doi.org/10.3847/1538-4357/adb715
http://doi.org/10.1111/j.1365-2966.2012.21879.x
http://doi.org/10.1088/1741-4326/aacc9c
http://doi.org/10.1146/annurev.astro.45.051806.110602
http://doi.org/10.1146/annurev.astro.45.051806.110602
http://doi.org/10.1103/RevModPhys.78.755
http://doi.org/10.1103/RevModPhys.78.755

